INTRODUCTION
A total of 343 economically important shrimp species have been reported by the FAO (1). Among cultured marine shrimp, one of the most economically important species is the giant tiger shrimp, Penaeus monodon. Annual production of farmed P. monodon in Thailand alone has reached or exceeded 200,000 metric tons since 1993 (2) . However, a range of shrimp diseases and the lack of high quality wild and/or domesticated broodstock has lead to recent production declines (3, 4) .
Low reproductive maturation rates in cultured P. monodon has limited the ability to selectively improve or maintain important genetic traits (4) . Accordingly, the domestication of P. monodon has been remarkably slow in Thailand (5) . Breeding of this shrimp species using spermatozoa from captive males has yielded low quality offspring. However, the use of spermatozoa from wild males on the eggs of either wild or domesticated females successfully resolves this problem (B. Withyachumnarnkul, personal communication).
Baseline information related to testicular development and sperm quality in penaeid shrimp is rather limited (6) . An initial step towards understanding molecular mechanisms of testicular and spermatozoa development in P. monodon should be to identify and characterize differentially expressed genes in various stages of testicular development.
Suppression subtractive hybridization (SSH), a technique combining suppression Polymerase Chain Reaction (PCR) with hybridization technology, is widely used to isolate differentially expressed genes in two closely related samples/specimens/species (7, 8) .
Accordingly, SSH should facilitate the identification of genes involved in testicular development. These genes may be candidates for molecular markers, which could assist the domestication and selective breeding programs of P. monodon.
In this study we carried out SSH of genes expressed in testes of broodstock and juvenile P. monodon. The full length cDNAs of sex-related transcripts, PM-PGMRC1, were further characterized by RACE-PCR and reported for the first time in crustaceans. Upon dopamine administration, the expression profiles of PM-PGMRC1 and PM-Dmc1 in testis of P. monodon were examined using real-time PCR. 2). The diversity of genes found in these libraries gives rise to the potential of discovering genes with functional importance.
RESULTS AND DISCUSSION

SSH libraries and Expressed Sequence Tag (EST) analysis
Full length cDNA and sequence analysis of P. monodon progestin receptor membrane component 1 (PM-PGMRC1)
Progestins are sex steroid hormones that play important roles in gametogenesis. In fish, progestin also plays an important role in spermiation and sperm maturation (10) . The effects of 17α, 20β-dihydroxy-4-pregnen-3-one (DHP) in the male Japanese eel were found to induce DNA replication in spermatogonia, but prevent DNA replication at the initiation of meiosis (10) . Two totally distinct classes of putative membrane-bound progestin receptors have been reported in vertebrates; progestin membrane receptor component (PGMRC; subtypes 1 and 2) and membrane progestin receptors (mPR; subtypes α, β, γ). Both have never been studied in any crustacean (11) .
Full length cDNA of PM-PGMRC1, initially found in the reverse SSH library, was successfully identified by RACE-PCR ( , E-value = 1.3e-19), functionally important for ubiquitous electron transportation (12) in heme-binding protein and progesterone receptor (13) , was found in the deduced PM-PGMRC1. The closest similarity of these transcripts was PGMRC1 of the medaka, Oryzias latipes (E-value = 1e-41, 2e-41, and 2e-41, respectively).
Phylogenetic analysis indicated that different subtypes of PGMRC (PGMRC1 and PGMRC2) arose from gene duplication process. PM-PGMRC1 was clustered with PGMRC1 of the sea urchin (Strongylocentrotus purpuratus), but distantly related to PGMRC1 of vertebrates and fish. Accordingly, it should be regarded as a new member of the invertebrate PGMRC (Fig. 1) . It would also be interesting to establish whether different isoforms of PM-PGMRC1 are transcribed from a single locus through the alternative splicing process or encoded from different loci. http://bmbreports.org
Fig. 2. RT-PCR of PM-Inx2, PM-Dmc1
and PM-PGMRC1 using the first strand cDNA of testes of broodstock (lanes 2-5 for PM-Inx2 and PM-Dmc1 or 1-4 for PM-PGMRC1) and juveniles (lanes 6-9 for PMInx2 and PM-Dmc1 or 5-8 for PM-PGMRC1), and ovaries of broodstock (lanes 10-13 for PM-Inx2 and PM-Dmc1 or 9-12 for PM-PGMRC1) and juveniles (lanes 14-17 for PM-Inx2 and PM-Dmc1 or 13-16 for PM-PGMRC1) of P. monodon. Lane 1 is the negative control (without the cDNA template). EF-1α was included as the positive control. The first strand cDNA of testes (T), eyestalks (E), gills (G), heart (H), hepatopancreas (HP), hemocytes (Hc), lymphoid organs (LO), intestine (IT), stomach (ST), pleopods (PL), and thoracic ganglion (TG) of a male broodstock, and ovaries (O) of a female broodstock was used for tissue distribution analysis. Lane N is the negative control.
RT-PCR and tissue distribution analysis
PM-Inx2 and PM-PGMRC1 did not reveal differential expression between ovaries and testes of P. monodon (P ＞ 0.05). In contrast, PM-Dmc1 was expressed differentially in gonads (testes ＞ ovaries) of broodstock (P ＜ 0.05, Fig. 2 ). More importantly, PM-PGMRC1 was more abundantly expressed in testes of juveniles than broodstock (P ＜ 0.05). PM-Inx2 and PM-Dmc1 were preferentially expressed in ovaries of juveniles compared to broodstock (P ＜ 0.05).
Tissue distribution analysis indicated that PM-Inx2 and PM-Dmc1 were more abundantly expressed in testes than ovaries, while PM-PGMRC1, which was constitutively expressed in all examined tissues, showed comparable expression levels in testes and ovaries of P. monodon broodstock (Fig. 2) . Therefore, PM-Inx2 and PM-Dmc1 may play the important role in spermatogenesis but not in oogenesis, whereas PM-PGMRC1 is functionally important for both spermatogenesis and oogenesis of P. monodon.
Invertebrate gap-junction proteins, Inxs, were originally identified in Drosophila and Caenorhabditis (14) . In Bombyx mori, northern blotting and in situ hybridization revealed that Bm-Inx2 was expressed across all developmental stages and in various tissues, with high expression observed in the nervous system during embryogenesis. In contrast, Bm-Inx4 was transiently expressed at the germ-band formation stage of embryogenesis, and was specifically expressed in ovaries and testes during the larval and pupal stages (15) .
Spermatogenesis is an essential process for production of haploid gametes. During meiosis, a single round of DNA replication is followed by two successive rounds of nuclear divisions (16) . Dmc1, involved in meiotic recombination, occurs during the meiotic prophase (17) . A study carried out on mice has shown that RNA interference (RNAi) against endogenous Dmc1 induces defects in spermatocytes, indicating its important roles in spermatogenesis (18) .
Recently, the full length Dmc1 cDNA was cloned from the testis of the Japanese eel (Anguilla japonica) (19) . In that study, Dmc1 mRNA was abundantly expressed in the testes and ovaries, and lower expressed in the brain. In situ hybridization revealed that Dmc1 of A. japonica was localized only in primary spermatocytes, implying its important role during the initial stages of spermatogenesis (19) .
Expression of PM-Dmc1 and PM-PGMRC1 upon dopamine treatment
In the red swamp crayfish, Procambarus clarkia, dopamine inhibited testicular maturation dose-dependently, whereas its antagonist, spiperone, induced testicular maturation (20) . Nevertheless, in P. monodon, effects of dopamine on spermatogenesis are reported for the first time in this study. The results from real-time quantitative PCR revealed that expression levels of PM-Dmc1 in testes were not significantly altered after dopamine treatment (P ＞ 0.05), whereas PM-PGMRC1 was up-regulated at 3 hrs post treatment (P ＜ 0.05) (Supplementary material 2) . These preliminary results may suggest that dopamine might not inhibit spermatogenesis in P. monodon. However, further studies need to be conducted on broodstock at both mRNA and protein levels.
In the present study, genes expressed in testes of P. monodon were identified by SSH analysis. The expression profiles of PM-Inx2, PM-Dmc1 and PM-PGMRC1 implied that these genes may contribute to testicular development and/or spermatogenesis. The analysis of baseline information acquired as part of this study will address the paucity of data and better understanding of reproductive maturation in cultured male P. monodon.
MATERIALS AND METHODS
Specimens
Juveniles (approximately 4-month-old) and broodstock P. mono-http://bmbreports.org BMB reports don were purchased from a commercial farm in Chachoengsao (eastern Thailand) and wild-caught from Chonburi (Gulf of east Thailand), respectively. In order to examine the effects of dopamine on expression of PM-Dmc1 and PM-PGMRC1, male juveniles (approximately 20 g body weight) were acclimatized in laboratory conditions for 7 days. One and four groups of shrimp (N = 5 for each group) were intramuscularly injected with saline (0.85% NaCl) or dopamine (10 -6 mol/shrimp), while a group of non-injected shrimps (N = 5) was also maintained as the control.
Specimens were collected at 3, 6, 12 and 24 hrs post injection. Tissues were dissected out from each specimen and stored at −70 o C until used.
Total RNA and mRNA Isolation
Total RNA was extracted from different tissues of each shrimp using TRI-REAGENT (Molecular Research Center). Messenger (m) RNA was further purified using a QuickPrep Micro mRNA Purification Kit (GE Healthcare). Total RNA and mRNA were kept under absolute ethanol at -70 o C prior to reverse transcription.
Construction of suppression subtractive hybridization (SSH) cDNA libraries and EST analysis
Two micrograms of mRNA from broodstock and juvenile P. monodon testes were reverse transcribed. SSH between cDNA from testes of broodstock (tester) and juvenile (driver) shrimp, and vice versa, were carried out using a PCR Select cDNA Subtraction Kit (BD Clontech) and ligated to pGEM-T Easy vector. The resulting products were transformed into E. coli JM109. Plasmid DNA was extracted from recombinant clones with insert ＞ 250 bp in size and unidirectionally sequenced. Nucleotide sequences of ESTs were compared with data in the GenBank using BLASTN and BLASTX (21) . Significant matched nucleotides/proteins were considered when the E-value was ＜ 1e-04.
Rapid amplification of cDNA ends-polymerase chain reaction (RACE-PCR)
RACE-PCR of PM-PGMRC1 was carried out for both 5' and 3' directions (PGMRC1-5' RACE; 5'-TGTCGTTTCATCTTGGGCA CAGGAGGTT-3' and PGMRC1-3' RACE; 5'-GCAAAGGACAC CAAAGCGAAGACGGATG-3') using a BD SMART RACE cDNA Amplification Kit following protocol recommended by the manufacturer (BD Clontech). The amplified fragment was electrophoretically analyzed, eluted from an agarose gel, before cloning into pGEM-T Easy vector and sequenced (22, 23) . The protein domain of PM-PGMRC1 deduced amino acids was analyzed using SMART (http://smart. embl-heidelberg.de/). The pI and molecular weight of the deduced protein were estimated using Protparam (http://www.expasy.org/tools/protparam.html).
Phylogenetic analysis of PM-PGMRC1
The deduced amino acid sequence of PM-PGMRC1 was phylogenetically compared to PGMRC1 and PGMRC2 sequences retrieved from the GenBank: Oryzias latipes (OL-PGMRC1,
Real-time quantitative RT-PCR of PM-Dmc1 and PM-PGMRC1 in testes of juvenile P. monodon treated with dopamine
The first strand cDNA from testes of juvenile shrimp treated with dopamine was used as the template for real-time PCR analysis. The target and control transcripts were examined: PM-PGMRC1122 (F: 5'-GCCCAAGATGAAACGACAGG-3' and R: 5'-TGGAGCCTCGGGTGACATC-3'), PM-Dmc1150 (F: 5'-AT GTGCGAGAAGCGAAGGC-3' and R: 5'-GCAGAGAGTGTGG GAGATTTGTG-3'), the control EF-1122 (5'-TTCCGACTCCAAG AACGACC-3' and 5'-GAGCAGTGTGGCAATCAAGC-3'). For each amplification, a 25 μl reaction contained 12.5 μl of 2x SYBR Green Master Mix (Qiagen). Gene-specific primers were used at a final concentration of 0. Relative expression levels of investigated genes (log copy number of the target genes/log copy number of EF-1α) in all experimental groups (control, saline-injected and dopamine-injected shrimp) were statistically analyzed using one way analysis of variance (ANOVA) followed by Duncan's new multiple range test.
